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[57] ABSTRACT

An improved process is provided for the recovery and
storage of maleic anhydride from maleic anhydride-
containing gases. Such gases are scrubbed with a water
or maleic acid scrubbing solution in a scrubbing zone to
form a maleic acid-containing solution. This maleic
acid-containing solution is then concentrated and dehy-
drated in an evaporation zone and a dehydration zone,
respectively, to form maleic anhydride. The maleic
anhydride so formed is then purified by distillation in a
distillation zone. The evaporation, dehydration, and
distillation steps are all carried out under a vacuum
maintained by withdrawing gases containing organic
and water vapor from said evaporation, dehydration
and distillation zones using jet pumps propelled by pres-
surized air. The vapor-containing gases so removed are

“admixed with the pressurized air pump propellant

streams, and this mixture is then introduced into the
scrubbing zone for the maleic anhydride-containing
gases. Vapor-containing gases may also be sucked by

the jet pumps from maleic anhydride storage vessels,

and such vapor-containing gases may also then be intro-
duced into the scrubbing zone.

7 Claims, 1 Draﬁing Figure
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PROCESS FOR THE RECOVERY OF MALEIC
ANHYDRIDE FROM GASES CONTAINING
MALEIC ANHYDRIDE

The present invention relates to a process for the
recovery of maleic anhydride from gases which contain
maleic anhydride. Such gases include the reaction gases
remaining from the catalytic oxidation of benzene, C-4

hydrocarbons, or o-xylene, after the condensation or, as

the case may be, desublimation of raw maleic anhydride
or phthalic anhydride from such gases. Removal of the
residual maleic anhydride from such gases is brought
about by scrubbing.the reaction gases in a scrubbing
zone with water or an aqueous maleic acid solution, by
concentrating and dehydrating the scrubbing solution
which contains maleic acid to form maleic anhydride
and by thereafter purifying the maleic anhydride by
distillation. Such concentration and/or dehydration
and/or distillation is performed in evaporation, dehy-
dration and distillation zones respectively, under a vac-
uum which is maintained by means of suction removal
of gases containing organic and water vapor using jet
pumps. |

In the catalytic oxidation of o-xylene to form phthalic
anhydride, maleic anhydride arises as a secondary prod-
uct. The maleic anhydride formed is in part separated
from the reaction gas with the phthalic anhydride and
in part remains as residue in the waste gas from the
phthalic anhydride separator. To recover this residual
maleic anhydride from the separator waste gas and to
avoid the discharge of impurities into the air, most mod-
ern plants remove the maleic anhydride from the sepa-
rator waste gas by scrubbing such gas with aqueous
solutions, thereby providing a diluted, e.g. 25% maleic
acid solution. To recover pure maleic anhydride, this
scrubbing solution is first concentrated by evaporation
in an evaporation zone; the 100% maleic acid thus ob-
tained is then dehydrated in a dehydration zone and the
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resulting still impure maleic anhydride i1s purified by 40

distillation in a distillation zone. Concentration, dehy-
dration, and distillation are performed under a vacuum,
for example, at pressures in the area of 50 to 500 mm
Hg. Heretofore, the vacuum has generally been pro-
duced with one or two-stage jet pumps or liquid seal
pumps. A scrubbing condenser is coupled to the jet
pumps. In such a condenser, the driving steam for the
pumps, along with the absorbed gases and vapors, are
condensed by means of injection of cooled water. This
provides an aqueous maleic acid of low concentration,
which solution is pumped back in a cycle to the scrub-
bing condensers by way of the coolers. The excess weak
acid is added to the waste gas scrubbing solution. This
process is costly in terms of the apparatus it requires.
The solution injected into the scrubbing condenser cou-
pled with the jet pumps must be constantly circulated
and simultaneously cooled. To some extent, a scrubbing
condenser must be placed before the jet pumps in order
to cool the vapors sucked into the vacuum pipe and to
partially precipitate the organic components thereof in
order to reduce the danger of precipitation in the steam
jets. Similar difficulties arise when the vacuum 1s main-
tained with liquid seal pumps.

The objective of the present invention is to reduce
the apparatus costs and operating expenses in the pro-
cess by which maleic anhydride is recovered from ma-
leic anhydride-containing gases by the procedure of
scrubbing the gases with water or with a maleic acid
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solution and by thereafter further processing the scrub-
bing solution into maleic anhydrlde In addition, opera-
tion of the process apparatus is to be simplified.
These objectives are realized in the present invention
by employing compressed air as a propellant for the jet

pumps maintaining the vacuum as hereinbefore de-

scribed and by introducing this air, charged with sucked
organic-containing vapors, into-the gas scrubbing zone.
The entire quantity of organic-containing vapors and
gases withdrawn from the maleic anhydride processing
stages is sucked into the vacuum lines by the jet pumps,
after which a large portion of such vapors, primarily
water vapor, is condensed in a surface condenser(s).
The propellant air, which is admixed with the remain-
ing sucked gases and vapors recovered from the maleic
anhydride processing stages, is introduced into the gas
scrubbing solution, along with those reaction gases
which are being treated and which contain residual
maleic anhydride. Such reaction gases can be formed,
for example, in the. production of maleic anhydride
from benzene or C-4 hydrocarbons, preferably after
partial condensation of the maleic anhydride from the
gas. Such reaction gases can also be formed in the pro-
duction of phthalic anhydride from o-xylene after sepa-
ration of the phthalic anhydride therefrom.

The charged propellant air returned to the reaction
gas scrubbing zone can be combined with this maleic
anhydride-containing reaction gases, or the reaction
gases can be separately introduced into the scrubbing
zone. By returning the Vapors removed by suction

.along with the propellant air, the weak-acid cycle,

which is necessary when steam jet suction units or lig-
uid seal pumps are employed, can be omitted. In the
process of the present inventibn, the water produced in
the surface condensers is lntroduced directly to the gas
scrubbing tower.

Ideally the pressurized air used as propellant for the
vacuum-creating pumps is heated to temperatures be-
tween 30° and 200° C., preferably between 100° and
200° C. before introduction into the pumps. Such heat-
ing prevents condensation in the jet pumps, and in the
lines thereafter, of the vapors sucked into the jet pumps.
Disturbances in pump operation are thereby minimized.
Operation of the system is generally performed with a
propellant air pressure in the range of from about 1 to 20
atmospheres, more preferably from about 4 to 10 atmo-
spheres.

In a preferred embodiment of the invention herein,
the vapors are sucked into the pumps from the vacuum-
operated stages of the scrubbing solution processing

~ system, after considerable condensation of the water
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and/or, as the case may be, maleic anhydride, evapo-
rated in such stages. Thus costs for the weak-acid cycle
are eliminated. |

In another particularly advantageous arrangement,
the gases and vapors are sucked by jet pump suction
units from all of those plant vessels which contain ma-
leic anhydride and such gases and vapors are then re-
turned to the gas scrubbing zone. In this fashion, the
release of maleic anhydride from its storage vessels into
the atmosphere is avoided. This procedure thus elimi-
nates environmental pollution and product loss as well.
Respiration of these maleic anhydride-containing ves-
sels 1s most effectively performed with a heated gas, e.g.
nitrogen, so as to prevent condensation of the malelc
anhydride in the suction lines. |

In the drawing, the invention herein is illustrated by
means of a schematic diagram depicting a plant for the
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recovery of maleic anhydride from the gases produced
in the production of phthalic anhydnide.

Air is introduced through line 2 and is heated in the
air preheater 1 and charged with o-xylene introduced
through line 4 and already preheated in the heater 3.

The o-xylene/air mixture is catalytically oxidized in the
reactor & to produce phthalic anhydride. The reaction

gas leaves the reactor 5 at a temperature of 380° C,,
passes through line 6 to reach the gas cooler 7, in which
it is cooled to 170° C. and then passes through line 8 to
the separator 9. In the separator the gas stream is cooled
to about 55° C., and the phthalic anhydride is separated
in solid form. The reaction gas, essentially free of
phthalic anhydride, leaves separator 9 through line 10.
From time to time, the raw phthalic anhydride sepa-
rated in the separator 9 is melted out, collected in vessel
11, and fed through line 12 to a purification unit (not
shown).

The gas leaving the separator 9 through line 10 con-
tains maleic anhydride, monocarbonic acids, and other
volatile components. It is washed in a scrubber 30 with
aqueous maleic acid solution, thus removing from the
gas the aforementioned secondary products. The maleic
acid solution is conducted in a cycle through the scrub-
bing apparatus. The residual gas leaving the scrubber 30
can be released into the atmosphere. The scrubbing
solution, concentrated to 25% by weight maleic acid,
passes through line 32 to the thin-layer evaporator 33, in
which the solution 1s concentrated under a vacuum to
100% by weight maleic acid. The approximately 1009%
maleic acid reaches the dehydrator 35 having a column
put on. In this dehydrator, the maleic acid is decom-
posed under a vacuum into maleic anhydride and water
vapor, which leave the dehydrator over the head, leav-
ing residue as a bottoms product. The residue is inter-
mittently withdrawn from the dehydrator. The maleic
anhydride from the dehydrator is condensed in the
condenser 36 and passes via line 38 to the pure maleic
anhydride distillation column 39. In column 39, the
maleic anhydride is distilled under a vacuum. The over-
head vapors from column 39 are condensed in con-
denser 40; the pure maleic anhydride is drawn off at 42.
From time to time, the residues are removed from the
bottom of distillation column 39. The water vapor re-
sulting from the evaporation of the maleic acid solution
in the thin-layer evaporator 33 and from the dehydra-
tion of maleic acid in the dehydrator 35 is condensed in
surface condenser 43 or 44 connected to vacuum lines
34 and 37. The resulting water is fed through lines 47, 48
and collecting line 49 to the waste gas scrubbing tower
30. The residual gas leaving the condensers 43, 44 is fed
through lines 45 and 46 to the jet pumps 20 and 21,
which maintain the desired vacuum. Preferably the gas
fed to jet pump 20 through line 45 contains no more
than about 35-409% by volume of water vapor and no
more than 60-65% by volume maleic anhydride. Pref-
erably the gas fed to jet pump 21 through line 46 con-
tains no more than about 85-90% by volume water
vapor and no more than about 10%-15% by volume
maleic anhydride.

‘The pure distillation column 39, with condenser 490, is
directly attached, by way of vacuum line 41, to the air
jet pump 22, which maintains the desired vacuum. To
simplify the diagram, each stage has been provided with
only one air jet pump; in practice two air jet pumps can
in each case be connected in series. The air jet pumps
are operated with pressurized air at 6 atmospheres,
which is conducted to the air jet pumps through line 26,
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through a heat exchanger 27 where the air is heated
with condensing steam, and through the branch lines
269, 26%, and 26¢. The air from the air jet pumps, which
1s admixed and loaded with vapors sucked from appara-
tus 33, 35, and 39, is collected in line 28, which 1s con-

nected to the gas line 10 leading from the separator 9 to
the scrubber 30, so that the air loaded with vapors,

along with the waste gases from the separator 9, are fed
together into the scrubber 30.

EXAMPLE I

In a plant for the production of phthalic anhydride
from o-xylene, 120,000 Nm3/hr. (Nm3/hr. is m3/hr. at
standard temperature and pressure) waste gas are ob-
tained downstream of the phthalic anhydride separators
of the plant as described in the drawing. This quantity
of waste gas still contains maleic anhydride and other
volatile organic compounds. The waste gas is scrubbed
with a 25% by weight maleic acid solution at about 40°
C. Of this scrubbing solution conducted in a cycle, 2.56
metric tons/hr. containing about 25% by weight maleic
acid, is drawn off and evaporated in a thin-layer evapo-
rator at 135° C. under a pressure of 450 mm Hg., up to
about 100% by weight maleic acid. About 0.61 metric
tons/hr. of this maleic acid 1s obtained, which i1s then
further dehydrated in a stirring vessel having a column
put on at 130° C. under 80 mm Hg. The resulting maleic
anhydride vapors are condensed at temperatures of 80°
C. About 0.40 metric tons/hr. of predistilled maleic
anhydride is obtained, which is then subjected to pure
distillation at 135° C. under a pressure of 80 mm Hg.
The result is 0.38 metric tons/hour pure maleic anhy-
dride.

To produce the vacuum needed for the thin-layer
evaporator, the dehydrator, and the maleic anhydride
pure distillation unit, air jet pumps are used which are
operated at 6 atmospheres with air preheated to 150° C.
About 30 Nm3/hr., 120 Nm3/hr., and 70 Nm3/hr. air
are used in the three stages, thereby providing a total of
220 Nm?3/hr. The vapor-charged air sucked from the
evaporation, the dehydration and the pure distillation
unit, together with the waste gases from the phthalic
anhydride separators, are introduced into the scrubbing
zone. In the surface condensers about 1.8 metric
tons/hr. water are produced, which 15 employed 1in
scrubbing the waste gases leaving the phthalic anhy-
dride separators. The costs for the air jet suction unit in
the three stages and the surface condensers represent
about 2.5% of the total apparatus costs.

EXAMPLE II

(Comparative Example)

A process similar to that described in Example I 1s
carried out except that steam jet pumps are used instead
of air jet pumps. Saturated steam at 6 atmospheres is
used as a propellant. The steam i1s condensed in injection
condensers. The cooling water necessary to condense
the steam is conducted in a cycle, and the condensation
heat 1s indirectly removed in a heat exchanger. To oper-
ate the steam jet pumps of the three stages, about 0.3
metric tons/hr. steam are necessary, as well as 19
m-/hr. cooling water for the condensation of the steam.
About 5 metric tons/hr. excess weak acid 1s produced at
the steam jet pumps which contains about 29 by
weight maleic acid, and is employed in scrubbing the
waste gases leaving the separator. From the scrubbing
acid cycle, 2.56 metric tons/hr. of scrubbing solution,
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containing about 25% by weight maleic acid, 1s drawn
off. The larger quantity of water, 5 metric tons/hr. as
compared to 1.8 metric tons/hr. in Example I when air
jet suction units are employed, is introduced into the
scrubbing cycle and is balanced out by a reduced input
of fresh water into the scrubbing cycle. The costs of the
steam jet units of the three stages with the appurtenant

>

condensers, cooler, and regulating equipment, represent

about 8% of the total apparatus costs.

In addition to the advantages of using air jet suction
units as illustrated by these examples, there are other
positive features of the present invention. For example,
the consumption of electrical energy is reduced by
about 30% by virtue of the elimination of the weak-acid

10

cycle. Furthermore, the entire plant consumption of 15

cooling water is reduced by the amount needed for the

condensation of propellant steam, which is about 10%.
A further advantage results from the fact that the con-
densates produced in the surface condensers can be
introduced into the scrubbing system of the phthalic
anhydride unit at a higher temperature than the weak
acid produced in the weak-acid cycle. Thus, the tem-
perature of the water in the scrubbing system of the
phthalic anhydride unit can be easily increased, which
in turn favorably affects the solubility of phthallc anhy-
dride in the maleic acid solution.

What 1s claimed is: |

1. In a process for recovering maleic anhydride from
a maleic anhydride-containing reaction gas, whereby
(a) said maleic anhydride-containing reaction gas 1is
contacted in a scrubbing zone with a scrubbing solution
which is water or an aqueous maleic acid solution, (b)
said scrubbing solution containing maleic acid is there-
after concentrated in a concentration zone and dehy-
drated in a dehydration zone to thereby form maleic
anhydride which is then purified by distillation in a
distillation zone, and (c) said concentration, dehydra-
tion and distillation steps being performed under a vac-
uum maintained by withdrawing vapor-containing
gases from said concentration, dehydration and distilla-
tion zones using the suction of jet pumps, the improve-
ment which comprises:

(A) employing pressurized air as a propellant for said

jet pumps;
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(B) admixing said propellant air with said vapor-con-
taining gases removed from said concentration,
dehydration and distillation zones; and

(C) introducing said admixture of propellant air and
suction-removed, vapor-contammg gases into said

scrubbing zone.
2. A process in accordance with claim 1 wherein said

f

pressurized air is preheated to a temperature of from

about 30° C. to 200° C. before said air is admixed with
said vapor-containing gas. |

3. A process in accordance with claim 2 wherein said
pressurized air is preheated to a temperature of from
about 100° C. to 200° C.

4. A process in accordance with claims 1, 2 or 3
wherein said pressurized air propellant is employed in
said jet pumps at a pressure of from about 2 to 20 atmo-
spheres. |

S. A process in accordance with claim 4 wherein said
pressurized air propellant is employed at a pressure of
from about 4 to 10 atmospheres.

6. A process in accordance with claim 1 ‘wherein
maleic anhydride recovered is stored in maleic anhy-
dride storage vessels; wherein vapor-containing gases
from said storage vessels are removed by suction from

the jet pumps, and wherein said vapor-containing gases

are introduced into the scrubbing zone for the maleic
anhydrlde-contammg reaction gas.
7. A process in accordance with clann 1, 2 or 6
wherein
(A) water and maleic anhydride are condensed from
the vapor containing gases withdrawn from the

concentration zone to the extent that such gases

contain no more than about 40% by volume of
water vapor and no more than about 65% by vol-
ume maleic anhydride before said concentration
-zone gases are admixed with propellent air; and
(B) water and maleic anhydride are condensed from
the vapor-containing gases withdrawn from the
dehydration zone to the extent that such gases
contain no more than about 90% by volume of
water vapor and no more than about 15% by vol-
ume of maleic anhydride before said dehydratlon

zone gases are admixed with propellant air.
¥ ¥ %X X X
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